INTRODUCTION
Small amounts of base metals, such as In, Sn, and Fe in gold alloys for porcelain bonding, oxidize selectively during pre-heating (degassing) and firing of porcelain.1) The oxides which are in contact with the fused porcelain are very important in considering the interface reaction because the oxides formed on the alloy surface improves wetting and adherence between the alloy and porcelain. The quantity of these oxides and the morphology of the oxidation zone on the alloy surface have been investigated with various experimental techniques by varying the concentrations of the base metals. [2] [3] [4] [5] [6] Gold alloys containing Fe and Sn between 0 and 1.5wt% (1.5wt% total amount) have been examined by X-ray microanalysis (XMA) and X-ray diffraction. 4, 5) In those experiments we found internal oxidation along the grain boundaries though no internal oxidation takes place in gold-rich alloys because of low oxygen solubility.7) It was hypothesized4) on the basis of diffusion coefficients in the oxides that internal oxidation occurs by the penetration and diffusion of oxygen ions rather than iron moving through the Fe2O3 formed at the grain boundaries. However, this hypothesis needs to be confirmed independently by other experimental techniques. The distribution of two iron oxides, Fe2O3 and Fe3 in the oxidation zones should also be clarified because Fe3O4 was found with Fe2O3 in only the Sn-rich composition ranges. 4, 5) In the present study, state analysis by XMA was used to elucidate the above two problems on gold alloys containing Fe and Sn. The state analysis by XMA is performed by analysing the intensity, profile, and peak position of X-ray emission band spectra,8-1 because changes in the characteristics of the spectra reflect the changes in energy levels of electron orbits of atoms. This analytical technique is especially useful for a determination of chemical states in minute areas (a few square microns) of specimen. and S. TAKANOHASHI MATERIALS AND METHODS Table 1 shows the composition (wt%) of the gold alloys used in the previous reports.4,5) The alloys no.5 and no.9 were examined in the present experiment. Metals of a purity higher than 99.9% were weighed to give 10g samples. The melting was done in an alumina crucible covered with graphite using a high frequency induction furnace in an argon gas atmosphere. Weight loss by the melting was less than 0.02%. EPMA X-650, Hitachi Seisakusho, Tokyo, Japan. and S. TAKANOHASHI Figure  4 (alloy no.5).
Sn content is higher, and no oxide precipitated at the grain boundary is observed in area III ( Figure  8 ) which is an enlargement of the internal band shown in Figure  3b . In area V ( Figure  10) Figure  7 (alloy no.9). Table  4 Diffusion coefficients in oxides4). Figure  7 (alloy no.9).
shown at A and B in Figure 5a . The Fe2O3 formed along the grain boundaries acts as a diffusion path which permits the penetration of O2-into the inner alloy matrix. The oxygen also diffuses through incoherent boundaries,13) and as a result the internal oxidation takes place predominantly along the grain boundaries.
Distribution and formation of Fe3O4 in the oxidation zones
We have shown by X-ray diffraction5) that in the range of 1.5-0.6wt% Fe content (alloy no.1-7 in Table 1 ) only Fe2O3 is formed, while FeO and Fe3O4 is not formed. However, Fe3O4 is formed together with Fe2O3 in only the Sn-rich composition ranges (alloy no. [8] [9] [10] . Distribution of the two iron oxides, Fe2O3 and Fe3O4, in the oxidation zones has not been detailed because the Fe3O4 can not be distinguished from the Fe2O3 by the X-ray images of XMA or X-ray diffraction. As shown in Table 3 , a state analysis by XMA showed that the Fe3O4 mainly distributes in the region near the oxidized surface ( Figure 10 ). The formation of Fe3O4 in the high Sn content range is explained4) by the reduction of Fe2O3 coexisting with Sn: 3Fe2O3•¨2Fe3O4+O, Sn+2O•¨SnO2. Table 4 shows the diffusion coefficient of oxygen in Fe3O4 to be 103 times smaller than that of Fe. As a result, the Fe3O4 serves as a barrier to the diffusion of oxygen from the atmosphere to the alloy matrix. An internal oxidation band (interruption band)14,15) as shown in Figure 3b has been observed when the oxygen partial pressure is reduced during heating. The Fe3O4 formation may contribute to a decrease in oxygen partial pressure. An increase of Sn concentration may also result in the formation of the band. 
CONCLUSIONS

